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ABSTRACT 
A ~imple, mpid ~t-parutiun ol (•prdermt~ I rom dermi::. wa:- nrha•\t-d h•ll~'win~ mculmtion ol 
human or l'uinea-ri~ :.kin in otw m'•lar sncltum hrnmtde at '17 ('for :10 min. The r(•sultin~ 
eptdermal ~het't:- im·uhut~:d at ,; (' m ll I M phusphnll" buller (pH 6.81 fur 15 to I :!0 minute' 
with.) HI \1 dopa nr fur 1:!11 tu2·W mtnute" \\llh u mixtur£• nl 5 Ill a :\1tyro::.ine and fl 
10 • \1 a~rnrhtt artd gcl\t· ~oud dnp<• t~'l'lbtnll'C and l\ rustne tuu ... ina::.e rcnrtllln!i 
Melannc\'tl.'s ''ere reudth \tsllllltll.'d het'UU!-.1.' ne"" melunin lnrml'd wrthin the l'ytoplu .. m 
Bruno BlO('h snm·d an impunam lirst when hr 
mcuhutcd tre:.h ptere~ of humnn skin wtt h dnpar 
and fl,und that melnnocv1 es het•aml' \'tsible If I. 
Thb rnn\·l.'r.-ton nl dopa t<l rnt>lanin h\' the at·tum 
of an l'nlym£> "tthtn the pt.:ment celb marked the 
be,:tinnin~e nf modern htstcwht'tntstrv Credit ulsn 
must lw g-i,·en to the t•hemt~l ~1 Gu~~ecnheim a 
relat 1\1' ul Bloch'· '' ho hJrlier hod dctermmed thl' 
rhemtml ~lrut·ture ul dopa 121 . .n\'l'll some or tht' 
amm11 ac1d In Blot•k, and po1ntt'd uut to him thl' 
~imilurrtic::. 111 ~trurture betw!.'ctt dop;tund adr!.'mt· 
!tnt-. Hlnd1 ll'lt th•H adrt'nalmt• or a rl.'lated suh· 
stanc!.' '"'" -.umt'ho'' re;:.pcm,.ihll' fur the durkenin~: 
of sktn in patients with Acldi .. un", di .. t•flsL' bet'll\N.' 
the adrenal gland~ were inmlved in that di~urdt•r 
1:11. Tlw"l' posit in• expL·riml'lll~ wn L'd tn gj, l' 
BleiCh a major intt'rl.'::.t in mdnnin pu:mentatitm. lt 
tumecl nut that h~ was \HUll). un .. om< llllJXtrt;lltl 
pmnt:-. hut lhl' dopa tc>-1 he('Hme and conlmue~ to 
he ul l(rt'at "'Jnlifit·ance 
From 19li, \\hen Bloch ... det,;,llled Jlltper on the 
rlopo rt-action appeared, to tht• present 1 ime ,..,, · 
eral tmprnvl;'tlll'nh han• hl'<'ll natdl' m the tt•st 
Becker wht• workt:d wllh Hloch tntrudut·ecl u 
2·1-hnur premcuhaunn ut ,; • (' m dnpa and found 
that for lt~:ht rulured human -.kin a hl•tter reaction 
wa, ohlllincd whl'n I he .. kin '''~~'' irrudiatt•d 111 ,·in• 
''ith uhrunulet lt~!ht li1r 't•\erul cia\' hefnr£• tht• 
biups) wa .. takl•n for thl' dup:t renrtiun. In l!l:ill 
FttLJ><Hrkk. Ht•t•kcr. Lernlr nnd :\luntj!omer\' (:•1 
litund that prC'ln•ntm~nl nl tlw ... kin \\ilh ultrnvi11· 
let lil'ht lor !->C\ t•rnl cia\:.- pl·rmttted t.\ ru~ine as Wl'll 
ns dopa to be u ... ed ,,,. ,.ub .. trall' lor tlw n•.Jt'tinn, It 
\\8::. then dear that human ~kin po~-c ... sed hoth 
t\ ro,.,uMse and dopa oxtduse activit it•.,, 
:\1ost nl tlw 10\C~tt~:ltion .. belort• l!l.'iO \H·n• 
rarrred 11111 \\ith \l.'rttt·al "('rtinns of mammalian 
l\1nnusnipt rt'l't'l\I'CI .Jun!' ;,, 1972: in rt'\ t~t'cl lurm 
~cptemhl'r 1 • 191.!. an·t·pt~•d fur puhltt'ltlton Septl·tn· 
her :!U, l!li:! . 
Th1,., rt''l'ar,·h "·'' ... uppo•rh'<l II\ Grant I 'PHS I'\ 
11·167!) lrnm tht· I nill·d ~t~ll'• l'uhhr Hl•nlth '\t•r.tn .111cl 
C:mnt IH' :H•: Cwm thl' Amt•ri<·an Cancer !->utlt'l\ 
• Frum the DepMtmcnl m IJermatulo~ \'ale LniH'r· 
"il\ School <>I \ltcl1nnr 'f" HaHn ('nnnt>t ta·ut (l!)5Jil 
In C{·rman dth~·dnox\ pht·m lalnnmt , ... c/ruxypht·m 
lalanuw. It I!> !rom the Oermnn nume ot 1111' aminu•H·td 
tha t tht' term dupu wus demNI 
If) 
..,kin Ho\\l'\ er lur melanorne C<lUilh a~ ''ell :.I' lor 
finp morpholOJ!Il' studtt's hnrizontnl ..,e< t ion,. 
prmt>d to be better Three difiPrl'nt upprurH·he~ 
wen u~ed to oht.'ltn hur11ontul 'if.'\\ ins: nl mclano-
C\ tl'l- In une 'I tet·hniqut.> u .. ed ext en"i"eh '" 
Snell 161, lr('>.h ptl;'l'es of .. kin nrc cut horiwntHll;· 
on n freeztlll! mrt•rotome and thl' thick "kin ... e,·-
tion.;, are int·uhatt-d with rlupa. Tlw <lther two 
methods u:;e l•ither enzvmit- or ionir -.plitttnl( ol 
thl.' epidermi,.. frnm tht:- clermi,.. nnd then the 
ttt('uhutiun of the "mall pieres of epidermal shrN .... 
whirh runtain tht· mPlanun·IC.,., with the approp-
riate ... ub~trntl·. In 19-tl t>.lt•duwar F I found that 
II} p:.in cnuld hl' ust-d to .. t·parall• the eptdl•rmr.., 
from the dermis. Luter Hillingha rn and :\1 cduwnr 
lb I u,.ed t np,.in-~plit ~:pidermi ... lor melonnc:\ te 
,-ie\\ in,_. ~1.ahi' t·mplnyt·d thi:- proc~:dure tor nu-
meruU!-. ,;tudtl'" 191. A nonenz\'mil method nl 
separutrn,; the eptdermts wos tnlltati.'Cl by FPbher 
in Hl·17 when he limnd ltutn II -.\'-.tl'lll3lll' stud\' 
that mttuns and umnns \1lrted 111 their ahilit\' t~> 
swell dermal t'Olla~cn-•wellin~ whtch in turn 
would hrinl! uhoul u ~;epurntion ul 1he eptdl•rmis 
I!OJ. !'hi" iumc splittllll! uf epidNmts wa-< put w 
prnrw·al u ... e hy Ha mhrick nnd Blank Ill Suh~e­
quenth Stam·t·o and Ptnkus selertL·d twu molar 
sodium hrnmrdc s11llltinn" lnr the splittinl! uti nl 
eptdermi!-. fur mel.lnr>~·ytl• n"'earrh II~ J. Furuya 
and lkt•da u..,ed 11 t•ombination nl tlw .. l' prurt·dun.,., 
lit rPdttre I he· time ol the dnpa rt>IH"l ion 11:1, 111. 
In this papt•r WP \\ish tn rl.'port a method lor the 
tunlt ~l'paratinn ul epidcrmi,. lrnm human nnd 
guim•a-pig skin takinl( h.'~» timE' than ~() mtnuti'S 
ltnstt td ol the usual ~ Ill :l huur::.l ann the 
;.uhl>equent incubation nl tht· t-pid~:rmal ,lwt•t.. 
\\llh dnpa lor 1, tn 2 hour- ur with tnn,..tn£• and 
a,rurhk arid lor -t hours tn )!i\ e 411it k \'t--unliJa· 
dun nl tyrn-,inuse rn mt•lann\·\'ll"' . 
\IA'f'loHI\1 :-0 \\11 \HTII!lll,.. 
All ,.:uine-u ~~~~~ u•ed m tht••e ,.Juc ll h d a rcdd1'h 
bro\\ n t·nlorin hJ~hl tnl<orcrl plant.tr surtau: ... :tnd rutrk 
t'\'b, Bltu·k nmmnl, \\t'rt' nut IIM'O lwntu~e tlw lrtrJ:e 
quunlttlt's ul nwl11n1n tlrcurl\' in thl' piflm<•nl l't•ll,; made 
\he dt•lt•t·tmn nl n~" mr·lamn '" \'JStllll nu.m- diltl('uh . 
L•t~:hl • l.'olnrl.'d ummaJ,. l!ll'e \\(".1k ur \ftruthlt> t~rosma-c 
reu(tiun~ . lhur """ rcm11H'd trum tht•J!uuwa pi1,'ll h\ lhP 
lnH·~ llll!lhud ul Freedlwr~: )tf>l Twn tu tuurtcl•ll I!H\>o 
after the eptlation procedure multiple -1-mm punch 
biopsies of hack skin were taken. The skin pieces. 
approximate!) 0.5 mm deep. were cut off at the hose with 
a !'calpel and floated epidermal side up in a solution of 
0.1 M sodium phosphate buffer at pH 6.8 containing I M 
~0d1um hrnmide at 37° C for 30 minutes. The epidermis 
with attached melanocytes wa!< gently peeled from the 
dermts and lloated stratum corneum stde up tn 0.1 M 
sodium phosphate buffer at pH 6.8 contp ininl( either 
dopa or a tvrosine- ascorbic acid mixture at :17• C for 
varying periods of time. After incubauon the section was 
fixed m 10'1 formalin, gradually dehydrated with alcohol. 
cleared wllh xylene, and permanently mounted on a 
slide. Epidermal sheets were obtatned in a similar 
manner fmm newborn human foreskins after cirrumct-
Sion 
Skm .~pltlltnJI . Se,eral d1fferent method~ were tested 
for separat ing the epidermis with attached melanocytes 
from the derm1s 
We extended the expenments of F'elsher 110 [. Ham-
brick and Blank [Ill. and Stanccu and Pmku~ [12 J to 
lind the m1mmum conditions for effel' ll\ e splill tn~ of the 
epidermis I rum the dermis. The small piece:. of guinea -
Pitt skin were incubated at :J7• C with lithium and 
sodtum salt!> ha,•ing tndide. bromtde or thiocvanute a~ 
• anions. Good ~eparation was obtaint>d under the tollow 
ing mmimal cnnd1t1ons . 
Salt Cnncent mt 111n Time 
(Molar) (mm.l 
1'-.aBr 0.5 20 
L1Br 0.1\ l!j 
Xal 0 .2ii :.m 
Lil 0.25 10 
:-.:aCKS 0.25 10 
L1c--:s 0.15 Ill 
Even though oil the nbove ~nlutwns cuuld he u~t>d 
mdiv1duollv to give excellent splittin~t. we found that the 
t' rostno!>e react ion was ~tmngest alter :;odium brnmide 
splluing. Tr,·psm and EDTA under appruprtate condl -
tlum; led 1<1 ~eparot1nn hut offered no advantage. Tu 
a11sure a gcKJcl separa t ion nf the sk1n layers li1r nil skm 
samples we dec1dedto use I molar ~od1um brnmtdt> m U. l 
molar ~dJUm phm.phalt~ buffer at .r;•c for :10 minutes. 
RESLI .T:- A 'll 01:-C't !->SlOt\ 
Dopa as .~ubstra te. Fresh epidermal "ection" 
frum human or gutnea pig ,;ktn with the stratum 
corneum up were incubated in 0.1 molar sodium 
phosphate buller. pH 6.8. at :ri 0 C' with I mg per ml 
(!i • 10 ' l l of !-dopa for Iii to l:W minutes. 
Appropriate contrnl:-. of incubations of !->kin in 
:-olution!; "ithout dopa were employed. Dramatic 
visua li za tion of melanocyte» in the section 
treated with dopa was p~1ssiblt> hel'ause dopa wa" 
con\'erted to melanin within the melanocvte" 
through the nction of tvrosinnse !Figs. Ia c 'and 
:ibJ. The dopa reaction wa!-1 apparent alter 15 
minute!- and maxi mum in 1 wu houn; . fi'or most 
studies an incubation period of :m to 60 mmutel-
was adequate. 
T)ros1ne a.~ sub.,trate. In the formation of mela -
nin. tyrosinase cawlyzes the oxidation of tvrosine 
17 
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FtG. I Pier~ nl epidermal <..heet, ol l(\llnea -p1g skm 
wt~re incubated w1th dopa fnr (a) 0 m1nutes. lh) 20 
minute:-. and (cl Ill minutes. The depo~ition or newly 
formed melanin wtthtn the melano('vtes ts easilv ob 
~Nved. · !i4ll -
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Ftc;. :!. Epidermal bib ul guinea-pi!!' skin were in · 
cubated wnh tvrn~inc astorbic a<'id mixture~ for tal 0 
mmute~. tbl !10 minute~. and (d 180 mmutes. As m the 
rase when dopa is the substrate, mclunrn !ormation 
increa,cd with timl· \\ithuut nswrhic add \crY ltttle 
melanm furnwcl from t\ro~tnl'. > ;;.I(J, 
a 
f 
c 
Fu; .. 1. Fresh e(Jtdl.'rmal sections !rom human fore-
skin were uwuhatcd with tal huller alone f11r I hour,, lhl 
clupa tor:! hours. and (cl t\rnhine a,rorbit- uctd mtxture 
tur ·I hours Ascorbic acid was required fur tvrnsine to he 
used as suhstnttl' ~ ii40. 
l 
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to dopa and then the oxidation of dopa to dopa 
=1uinone. However, the tyrosine-tyrosinase reac-
tion is normally slow and must first be primed with 
dopa. No priming is reqUired for the faster 
dopa- tyrosinase reaction. Ordinarily, when fresh 
sections of skin are incubated with tyrosine noth-
ing happens. However, if the skin is irradiated 
with ultraviolet light for several days before bi-
opsy, a positive tyrosine reaction will result. The 
ultraviolet light permits the tyrosine tyrosmase 
reaction to occur and enhances the dopa tyrosin-
ase reaction. 
Ascorbic acid can substitute for dopa in the 
priming process because this reducing agent leads 
to the accumulation of dopa. When trace amounts 
of dopa are formed, the dopa is rapid!\ oxidized to 
dopa quinone. Ascorbic acid will reduce the dopa 
quinone back to dopa. This reduction will continue 
until all the ascorbic acid is oxidized. By allowing 
an increase in the dopa concentration. ascorbic 
acid behaves as a tyrosine tyrosinase priming 
agent. 
Epidermal sections were incubated in phosphate 
buffer with tyrosine 5 x 10 3 M and ascorbic acid:, 
x 10 3 M and ascorbic acid 5 x lO 3 M for l:lO to 
240 minutes. Positi\'e reactions for melanin forma-
tion withm melanocytes was observed (Figs 2 a- c 
and 3 c). Weak or negath·e reactions occurred 
when tyrosine without ascorbic acid was u!.ed. 
Ascorbic acid alone gave no reaction. 
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